Objectives -To investigate the dose of enoxaparin required in neonates to achieve target therapeutic ranges of anti factor Xa 48 hours after starting therapy, and compare this dose to recommended guideline dosages for neonates. Methods -We retrospectively reviewed 19 records of newborns who received enoxaparin at different doses for the treatment of thrombosis and evaluated how many among them reached the target anti-factor Xa level after 48 hours. Results -Only 1/5 neonates (20%) treated with 150 UI/kg twice a day, but 100% (6/6) of those treated with 175 UI/kg twice a day reached therapeutic levels of anti-factor Xa at 48 hours. Of the 8 neonates treated with lower starting doses none reached the therapeutic range after 48 hours and these required the highest number of dose changes. Conclusions -Our results reinforce the need to increase in neonates the dosage of enoxaparin suggested in published guidelines, in order to shorten the time-delay in achieving a therapeutic level of anti-factor Xa, and also reducing the number of blood tests necessary for dosing anti-factor Xa.
Introduction
The incidence of symptomatic thrombosis is 5.1 per 100 000 live births (1) and 2.4 per 1000 neonatal intensive care admissions (2) . Thrombosis occurs more frequently in the neonatal period than in any other period of childhood. In fact the haemostatic system of the neonate is immature and in continuous development. In the critically ill neonate additive factors may contribute to the development of thrombosis: the presence of indwelling catheters is the single, greatest risk factor for arterial or venous thrombosis; dehydration, sepsis, maternal diabetes and asphyxia are other risk factors (2) . Congenital thrombophilia can also enhance the risk of thromboembolic events in neonates.
Until recently, the current treatment of thrombosis consisted of administration of unfractionated heparin followed by oral anticoagulants. As low molecular weight heparin (LMWH) has significant advantages over those treatments [more predictable pharmacokinetics reducing the need for monitoring patients, lesser bleeding, lesser thrombocytopenia and lesser osteopenia compared to UFH (3)] it has currently become the medi-cation of choice for the prevention and treatment of thrombosis.
Initially the dosage of enoxaparin, the most used LMWH, was extrapolated from experience in adults and older children (100 UI/kg subcutaneously twice a day). Subsequent studies indicated that infants under 2 months of age have higher dose requirements than adults and older children to achieve and maintain the therapeutic effect (4) . In 2008, the American College of Chest Physicians published practice guidelineS for antithrombotic therapy in neonates, and the recommended dose of enoxaparin consisted of 150 UI/kg, administered subcutaneously twice in a day, followed by titration of the dose according to the plasma anti-factor Xa level (5) . This dosage was confirmed in the upgraded guidelines published in 2012 (6) . However recent studies (7) recommend higher initial doses for neonates and preterm infants.
To investigate if even our neonates needed higher doses of enoxaparin than those currently recommended to achieve target therapeutic ranges of anti factor Xa 48 hours after starting therapy, we reviewed retrospectively the medical records of neonates with thrombosis admitted to our NICU during a period of 42 months who were treated with enoxaparin.
Methods
The medical records of all neonates with venous or arterial thrombosis between January 2007 and June 2011 were retrospectively examined. This study was classified as a clinical audit, approved by our Institution Review Board. The main outcome measure of the study was the dose of enoxaparin required to achieve an anti factor Xa level in the range 0.5-1 U/ml, which is considered to be the therapeutic range (5) . Secondary outcomes were the presence of bleeding complications (intraventricular haemorrhage, pulmonary haemorrhage, ematemesis) and thrombocytopenia (platelet count <150.000/mm 3 ). Data collected included patient demographics, clinical characteristics (birth weight, gestational age), placement of venous and/or arterial catheters at birth or later, progression of thrombosis, enoxaparin dosages with corresponding anti factor Xa levels, and adverse events (bleeding, thrombocytopenia, osteoporosis).
Before starting anticoagulation, all patients underwent a cranial ultrasound, blood exams and platelet count. In all cases, diagnosis of arterial or venous thrombosis was made on the basis of a radiologic evaluation (a doppler ultrasound and if necessary an angio-tomography). All anti Xa concentrations were drawn 4 hours after the fourth dose of enoxaparin. As in our institution we do not use continuous infusion of Heparin in the catheters, the sample was drawn peripherically or obtained through the catheter. If the level was below the therapeutic range, the dose was adjusted by 10%, and the antifactor Xa level was measured again after 3 doses until the desired concentrations were obtained. The maintenance dose was adjusted weekly for weight gain.
Initially we used to treat our patients with 100 UI/kg every 12 hours, but as with this scheme of increasing dose adjustment the majority of neonates were not able to reach therapeutic levels (the maximum dose that we administered was 150 UI/kg every 12 hours), as time went on we gradually increased the initial dose of subsequent patients to 110, 130, 150 and finally to 175 UI/kg every 12 hours.
The efficacy of treatment was determined by clot resolution, as established by ultrasonography or echocardiography.
Results
We reviewed the clinical records of 19 neonates (13 at term, mean GA 39 weeks, mean birth weight 3.315 g and 6 preterm, mean GA 30 weeks, mean birth weight 1.503 g). Seventeen neonates had a catheter at time of diagnosis of thrombosis or prior to diagnosis, whereas in 2 neonates no catheter had ever been positioned.
Of the 8 neonates treated with starting doses lower than 150 UI/kg none reached the therapeutic range after 48 hours from the start of therapy and these neonates required the highest number of dose changes. Only 1/5 neonates (20%) treated with 150 UI/kg twice a day as initial dose, but 100% (6/6) of those treated with 175 UI/kg twice a day as initial dose reached therapeutic levels of antifactor Xa at 48 hours.
The mean dose that produced therapeutic anti factor Xa level was 180 UI/kg every 12 hours (range 150-220 UI/kg). Neonates starting with 100 UI/kg every 12 hours needed more than five days to achieve a therapeutic dosage and 3 neonates (15.8%) never reached the desired level of anti factor Xa. Preterm infants seemed to require a higher dose compared with term infants in order to achieve therapeutic anti-factor Xa levels (mean 190 UI/kg every 12 hrs, range 175-220 UI/kg).
Eleven out of nineteen (57.8%) thromboembolic events resolved completely. Five out of 7 (71.4%) neonates who reached anti-factor Xa therapeutic level immediately after 48 hours had a complete resolution of the thrombosis, whereas among the neonates who did not reach the therapeutic level after 48 hours only 6/12 (50%) had a complete resolution. No infants experienced bleeding related to therapy, even with anti-factor Xa levels greater than 1.0 U/ml.
Discussion
It has been recognized that LMWH has an unpredictable anticoagulation effect in neonates because it has a wider volume of distribution and decreased plasma level of antithrombin (8) .
Our data support the fact that increased starting doses of enoxaparin are necessary in neonates with thrombosis to achieve anti factor Xa within 48 hours, as reported in recently published data (9, 10) . Moreover, our preterm infants required a mean dose of 190 UI/kg to achieve therapeutic antifactor Xa, slightly higher than term infants as even Dix et al. (11) suggetsed recently.
In this study, 80% of the neonates who were given LMWH according to published guidelines failed to reach target therapeutic anti-factor Xa levels within 48 hours, but 100% of neonates who were given a higher initial dosage of 175 UI/kg twice/day were able to reach it, without major or minor bleeding.
The time needed to reach a therapeutic anti-factor Xa level depended on the initial dosage of LMWH: the higher the starting dose, the shorter the time needed to reach a therapeutic anti-factor Xa level. An underestimated initial dosage of LMWH will expose the neonate to a higher number of venipunctures to monitor the plasma antifactor Xa level, before it reaches the correct valueA longer time will also be needed to attain therapeutic plasma anti-factor Xa level, leaving therefore the neonate for a certain period with a suboptimal therapy. As it is important to immediately obtain anticoagulation to treat thrombosis, it is mandatory that the therapeutic level of LMWH be reached as soon as possible. Furthermore as many small hospitals do not have the possibility to check plasma anti-factor Xa levels, it is important that they treat neonates with the correct dosage otherwise they will never reach the therapeutic level.
Conclusion
Although the use of enoxaparin has increased significantly in the last decades, large scale randomised controlled studies to establish its optimal dosage are lacking. This study was only retrospective and therefore we could not reach robust conclusions with respect to the relationship between the therapeutic dosage of enoxaparin and clot resolution, but our experience confirms the growing evidence that neonates have to be treated with a higher initial dose of enoxaparin to achieve target anticoagulation.
